Summary: Finishing, i.e. gap closure and editing, is the most time-consuming part of genome sequencing. Repeated sequences together with sequencing errors complicate the assembly and often result in misassemblies that are difficult to correct. Repeat Discrepancy Tagger (ReDiT) is a tool designed to aid in the finishing step. This software processes assembly results produced by any fragment assembly program that outputs ace files. The input sequences are analyzed to determine possible differences between repeated sequences. The output is written as tags in an ace file that can be viewed by, e.g. the Consed sequence editor. Availability: The ReDiT program is freely available at http://web.cgb.ki.se/redit Contact: martti.tammi@cgb.ki.se
The shotgun sequencing method is the method of choice for large scale DNA sequencing. It is relatively inexpensive, easily automatable and the target sequence is determined several times, thereby increasing the confidence of the result. The major problem in shotgun sequencing is the presence of repeated regions in the target sequence, in combination with sequencing errors. Such regions often result in misassemblies that require time consuming, manual finishing. The repeat content is high in most published eukaryote genomes. In these genomes, the complex repeated regions remain largely unfinished.
The use of paired end sequences (Myers et al., 2000) has proven to be a powerful tool for resolving complex, repeated regions in shotgun assembly. However, in many cases the paired end constraint alone is not sufficient, e.g. when the target sequence contains long stretches of nearly identical repeats. In difficult cases, an alternative strategy is to use single base differences, if present, in order to discriminate between repeats. An optimal strategy for resolving nearly identical repeats utilizes paired end information as well as single base differences in combination.
It is difficult to detect single base repeat discrepancies in assemblies produced by most shotgun sequence assembly * To whom correspondence should be addressed.
programs. There are two reasons for this. First, the repeats are often partly resolved which makes it difficult to compare the similar regions to each other. Second, the alignments of the sequences are in most cases not locally optimized, and the discrepant bases may therefore not be aligned above each other.
The Repeat Discrepancy Tagger (ReDiT) program is designed to aid in the finishing of repeated regions. It is a tool for detection of possible problem areas and rapid manual verification of assemblies. The input for the ReDiT program is an assembly in ace file format (Green, 1996;  http://www.phrap.org), the original sequence files (in FASTA format) and phred quality files (Ewing and Green, 1998) . The output is an ace file describing the original assembly, but where positions that are likely to constitute single base differences between repeats have been tagged. These positions can subsequently be visualized in Consed (Gordon et al., 1998) . ReDiT also produces a separate file in ASCII format containing a list of every discrepant position that was detected.
ReDiT is based on the DNP method (Tammi et al., 2002) , a statistical method that labels probable single base differences between repeats in a multiple alignment as defined nucleotide positions, DNPs. The multiple alignments are constructed using the methods described in (Tammi et al., 2003) . The program constructs multiple alignments of every sequence in the shotgun dataset. Each multiple alignment consists of an initial read used as seed, and all its overlaps with all other reads in the dataset including false overlaps due to nearly identical repeats. The columns in the alignments are analyzed in pairs to determine statistically if coinciding deviations from the consensus sequence are due to sequencing errors or differences between repeats. Thus, the number of discrepancy coincidences in a column pair is determined. If this observation has a probability lower than a pre-defined threshold P max , the deviating bases are labeled as DNPs.
ReDiT is run using a graphical user interface (Fig. 1) , allowing the tuning of a number of parameters, e.g. P max , sequence trimming stringency and multiple alignment filtering parameters. A lower P max results in higher specificity at the cost of lower sensitivity. Similarly, more stringent trimming conditions results in higher accuracy in DNP detection while some DNPs remain undetected since they are trimmed out of the dataset. The optimal choice of these parameters depends on the characteristics of input data.
The tagging of the discrepant positions provided by ReDiT simplifies the manual work of finishing repeated regions. Consed includes a tool for highlighting and navigating high quality sequence discrepancies in the assembly, i.e. bases with a quality exceeding a threshold that differ from consensus. The DNP method, however, provides a more accurate, statistical definition of single base differences and is not affected by a potential misassembly displayed by Consed. The tags can readily be used in combination with the builtin Consed feature that instructs phrap, which positions are not allowed to overlap in a subsequent re-assembly. Optionally, the ASCII file listing each position may be used as input for other programs for automating the finishing process.
ReDiT has been developed and tested on Linux RedHat 8.0 using C++. It is freely available at http://web.cgb.ki.se/redit
